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$EVWUDFW 7KH7D\ORUWHVWLVDQLPSRUWDQWPHDQVWRGHWHUPLQHWKHUHVSRQVHRIPDWHULDOVWRG\QDPLFORDGLQJ,QWKLVZRUN
LW LV XVHG WRGHWHUPLQH WKHG\QDPLF UHVSRQVHRI KHWHURJHQHRXVRUWKRWURSLF FDUERQILEUHHSR[\ ODPLQDWHV([SHULPHQWV
UHFRUG WKH IUDFWXUH RI D VHULHV RI PXOWLOD\HUHG FRPSRVLWH SODWHV ZLWK KLJKVSHHG SKRWRJUDSK\ 7KH HQVXLQJ GDPDJH
RFFXUVGXULQJWKHVKRFNFRPSUHVVLRQSKDVHEXWWKUHHRWKHUWHQVLOHDQGVKHDUORDGLQJPRGHVRSHUDWHGXULQJWKHWHVW7KLV
KLHUDUFK\RIGDPDJHDFURVVWKHVFDOHVLVNH\LQGHWHUPLQLQJWKHVXLWHRIRSHUDWLQJPHFKDQLVPVVXFKLQIRUPDWLRQFDQQRW
EH FRUUHODWHG XVLQJ WUDGLWLRQDO VHFWLRQLQJ DQG REVHUYDWLRQ XVLQJ RSWLFDO RU HOHFWURQ EHDP PLFURVFRS\ RU SRVW PRUWHP
H[DPLQDWLRQ RI UHFRYHUHG F\OLQGHUV 2QO\ G\QDPLF LPDJLQJ DQG GDPDJH FKDUDFWHULVDWLRQ ZLOO DGYDQFH TXDQWLWDWLYH
GDPDJH DQG WKXV FRQVWLWXWLYH PRGHO GHYHORSPHQW ,W LV VKRZQ WKDW ILEUH DQG SO\ RULHQWDWLRQV LQIOXHQFH WKH IUDFWXUH
UHVSRQVHEXWPRVWLPSRUWDQWLVWKHLPSDFWVSHHG7KH7D\ORUF\OLQGHULPSDFWHGDWP V LQDGGLWLRQWRH[WHQVLYH
LQWHUODPLQDU IUDFWXUH GHPRQVWUDWHV D SVHXGRSODVWLF EHKDYLRXU GXH WR SURJUHVVLYH ILEUH FUXVKLQJ GLVVLSDWLQJ ODUJHU
DPRXQWVRIHQHUJ\LQFRPSDULVRQWRWKDWWHVWHGDWWKHORZHUVSHHGRIP V
 ,1752'8&7,21
8QGHUVWDQGLQJ GDPDJH WR DQG IDLOXUH RI FRPSRVLWH PDWHULDOV LV FULWLFDO IRU UHOLDEOH DQG FRVWHIIHFWLYH
HQJLQHHULQJ GHVLJQ 'DPDJH ZLWKLQ FRPSRVLWHV FDQ WDNH D UDQJH RI GLIIHUHQW PRGHV DFFRUGLQJ WR ORDG DQG
DUFKLWHFWXUH LQFOXGLQJ FUDFNLQJ EUHDNDJH DQG EXFNOLQJ >@ 7KHVH PDFURVFDOH UHVSRQVHV UHVXOW IURP PLFURVFDOH
SURFHVVHVRSHUDWLQJDWPHVRVFDOHPDWHULDOLQWHUIDFHVDQGWKXVDVXLWHRISK\VLFDOPHFKDQLVPVXQGHUOLHWKHQXFOHDWLRQ
DQGSURJUHVVLRQRIGDPDJHXQGHUPHFKDQLFDOORDGV>@
7KH7D\ORU WHVWRIIHUV DPHVRVFDOHJHRPHWU\ LQZKLFKGLIIHUHQWPHFKDQLVPVDWGLIIHUHQW OHQJWK VFDOHVRSHUDWH
ZLWKLQ WKHPLFURVWUXFWXUHDQG OHDG WRDPDFURVFRSLF UHVSRQVHFRQGLWLRQHGE\ERWKPDFURVFDOH LQHUWLDO FRQVWUDLQWV
DQG PHVRVFDOH GDPDJH PHFKDQLFV > @ 2SHUDWLQJ PHVRVFDOH PHFKDQLVPV LQ WKH FRPSRVLWHV FRQVLGHUHG KHUH
LQFOXGHWKHQXFOHDWLRQRIPDWUL[IUDFWXUHDWGHIHFWVZKLFKVWDUWVGHERQGLQJOHDGLQJWKHQWRILEUHGHODPLQDWLRQDQG
VXEVHTXHQWO\ IUDFWXUH >@7KHPRGHUQDGDSWDWLRQRI WKH7D\ORU WHVW LVD IXOO\ LQWHJUDWHGH[SHULPHQW WKDW QRWRQO\
UHFRUGV WKHPDFURVFRSLFEHKDYLRXUEXW DOORZV LQWHUURJDWLRQRI WKHVHPHVRVFDOHSK\VLFDOPHFKDQLVPV ,WKDVEHHQ
H[WHQVLYHO\XVHG LQFRQVWLWXWLYHPRGHOYDOLGDWLRQIRUPHWDOVEXWQRWIRURWKHUFODVVHVRIPDWHULDO >@ ,QSDUWLFXODU
DIWHUDORDGLQJSKDVHWKDWLVILUVWFRQWUROOHGE\FRPSUHVVLRQDQGYLVFRSODVWLFIORZWKHUHLVDVHFRQGZKLFKIROORZV
ZLWKUHOHDVHDQGIUDFWXUH7KLVODWWHUSKDVHDIIRUGVDPHDQVRIVWXG\LQJWKUHHLQGHSHQGHQWPRGHVRIWHQVLOHIDLOXUHLQ
RQHJHRPHWU\DQGVKRZVGLVWLQFWUHJLRQVRIGHIRUPDWLRQWKDWDUHVHSDUDWHGLQSRVLWLRQDQGLQWLPH7KHKHDGRIWKH
URGDQGRQO\DFHQWUDOFRQLFDOSRUWLRQRILWH[SHULHQFHVDVKRFNHGVWDWH,QWKLVSKDVHRIWKHORDGLQJWKHJOREDOVWUHVV
VWDWHLVLQKRPRJHQHRXV:LWKLQRQHGLDPHWHURIWKHLPSDFWIDFHWKHORDGLQJIURQWKDVH[LWHGWKLVRQHGLPHQVLRQDO
VWUDLQVWDWHDQGHQWHUHGDQD[LV\PPHWULFORDGLQJSKDVHGRPLQDWHGE\DGHFD\LQJHODVWLFIURQWWUDYHOOLQJWRZDUGVWKH
UHDURIWKHF\OLQGHUZKLFKUHYHDOVEHKDYLRXUWKDWUHVXOWVIURPWKHPDFURVFRSLFRQHGLPHQVLRQDOVWUHVVVWDWHZLWKLQ
WKHURGV7KHORDGLQJPRGHVDQGWKHLUGLIIHUHQWQDWXUHDQGHIIHFWDUHGLVFXVVHGHOVHZKHUH>@
 0$7(5,$/6$1'(;3(5,0(176
7KH FRPSRVLWH SDQHO ZDV FRQVWUXFWHG IURP DXWRFODYHFXUHG SUHLPSUHJQDWHG SUHSUHJ VKHHWV PDGH IURP
XQLGLUHFWLRQDO LQWHUPHGLDWH PRGXOXV FDUERQ ILEUHV HQFDVHG ZLWKLQ D WRXJKHQHG HSR[\ 7KHVH SUHSUHJ VKHHWV
aPPZHUH OD\HUHG LQDQGRULHQWDWLRQV >PP@QV FURVVSO\ ODPLQDWH WR D ILQDOSDQHO WKLFNQHVVRIDSSUR[LPDWHO\  PP 5LJKW F\OLQGHUV ZHUH PDFKLQHG LQ WKH LQSODQH   DQG WKURXJKWKLFNQHVV 77
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110011-1
RULHQWDWLRQV IURP WKHSDQHO7D\ORU WHVWVZHUHSHUIRUPHGRQ WKHVHFRPSRVLWHF\OLQGHUV DQGKDGDGLDPHWHURI
PPDOHQJWKRIPPRUPPDQGDPDVVRIcaJJLYLQJDQDSSUR[LPDWHOHQJWKWRGLDPHWHUUDWLRRI
RU7KHF\OLQGHUVZHUHILUHGIURPDVLQJOHVWDJHJDVJXQXVLQJKHOLXPRUQLWURJHQGULYHUJDVHV,PSDFWZDV
RQWR D KDUGHQHG VWHHO DQYLO DQG WDUJHWV ZHUH DOLJQHG IRU QRUPDO LPSDFW WR ZLWKLQ  PUDG WR FRQWUROOHG LPSDFW
0RO\EGHQXPGLVXOSKLGH0R6JUHDVHZDVDSSOLHGWRWKHVXUIDFHRIWKHDQYLOWRUHGXFH IULFWLRQDWWKHLPSDFWIDFH$GLJLWDOKLJKVSHHGFDPHUD9LVLRQ5HVHDUFK3KDQWRP9RSHUDWLQJDWIUDPHVSHUVHFRQGDQGZLWKD
VIUDPHH[SRVXUHWLPH(7ZDVXVHGWRUHFRUGWKHHYHQWV7KHLQWHUIUDPHWLPH,)7IRUWKHUHSURGXFHGIUDPHVLV
LQGLFDWHGRQWKHVHTXHQFHV
 +,*+63((',0$*,1*2),03$&7
,QWKHIROORZLQJVHFWLRQVWKHLPSDFWUHVSRQVHVRI7D\ORUF\OLQGHUVLPSDFWLQJDULJLGDQYLODUHVKRZQIRUDUDQJH
RILPSDFWYHORFLWLHVDQGIRUWKHWKUHHFXWVRIF\OLQGHUGHVFULEHG,QDOOFDVHVDUDQJHRILPSDFWVZLWKVSHHGVLQWKH
UDQJH IURP EHORZ  WR DERYH  P V ZDV FRQGXFWHG LQ RUGHU WR FRYHU WKH IDLOXUH PRGHV REVHUYHG LQ WKH
FRPSRVLWH6HOHFWHGVHTXHQFHVW\SLFDORIWKHREVHUYHGEHKDYLRXUVDUHVKRZQKHUH
)LJ  VKRZVWZRLPSDFWVDWDQGPV conducted on the 0û sample. The lower speed sequence in a). is
DERYHWKHILUVWGDPDJHWKUHVKROGIRUWKHPDWHULDOZKLFKLVDURXQGPV7KHVHTXHQFHVVKRZQKDYH,)7VLQ
HDFK FDVH 7KH LPSDFW LQ IUDPH  LV V\PPHWULFDO DQG LQLWLDO GHODPLQDWLRQ VWDUWV LQ WKH ILUVW IUDPHV 7KH ILUVW
LQGLFDWLRQRIILEUHHQGIUDFWXUHDJDLQVWWKHVXUIDFHRIWKHDQYLOFDQEHVHHQ7KHIDLOXUHRIWKHVHILEUHVSDUWLFXODUO\LQ
WKHRXWHUPRVWUHJLRQFUHDWHVDVXUIDFHIUDJPHQWILHOGZLWKVXEPLOOLPHWUHILEUHUHPQDQWVYLVLEOHDWWKHDQYLOVXUIDFH
+RZHYHUPRVWRI WKH LPSDFWHQHUJ\ LV WDNHQ LQPDWUL[ IUDFWXUHDQG LQGHODPLQDWLRQE\ LQWHUODPLQDUVKHDU ,Q WKLV
SDUWLFXODUFDVHWKHHODVWLFGHIRUPDWLRQRIWKHOHIWPRVWILEUHVEHQGVDQGWKHQUHOHDVHVWKHRXWHUILEUHVVSULQJLQJWKLV
UHJLRQEDFNRIIWKHVXUIDFHDQGURWDWLQJWKHUHPDLQLQJGDPDJHGF\OLQGHUDWWKHVXUIDFH]RQH7KLVDV\PPHWU\PHDQW
WKDW GHODPLQDWLRQ GLG QRW FRQWLQXH WR WKH UHDU VXUIDFH RQ WKH /+6 ZKLOVW WKH IUHHLQJ VXUIDFH RQ WKH 5+6 DOORZV
GHODPLQDWLRQWRMXVWUHDFKWKHUHDUVXUIDFHIRUWKHRXWHUPRVWSOLHV2QIUDPHWZRRIWKHVHTXHQFHLVVXSHUSRVHGWZR
D[HVxDQGyRQWRRQHLPDJHRIWKHF\OLQGHU7KHVHUHSUHVHQWWZRD[HVIRUWKHLPSDFWIRUZKLFKVWUHDNLPDJHVKDYH
EHHQWDNHQDQGVKRZQWRWKHULJKWRIWKHIUDPLQJVHTXHQFH7KHFHQWUDOx-tLPDJHVKRZVWKHLQWUXVLRQRIWKHURGRQWR
WKHLPSDFWVXUIDFHDQGLWVGLDPHWHUVSUHDGLQJIRUWKHFRQWDFWWLPHZLWKIUDJPHQWVIORZLQJRXWZDUGIURPWKHLPSDFW
]RQH7KHy-tIXUWKHVWULJKWVKRZVWKHURGHQWHULQJWKHILHOGRIYLHZLPSDFWRQWKHVXUIDFHUHWXUQRIWKHZDYHIURP
WKHLPSDFWIDFH,WVKRZVWKDWWKHUHDURIWKHURGKDVLQLWLDOO\UHERXQGHGIURPWKHVXUIDFHEXWWKHQURWDWLRQZLWKLQD
GLDPHWHURI WKHVXUIDFHIRU WKHUHPDLQLQJWLPH)RUDIXOO\WKUHHGLPHQVLRQDO ORDGLQJJHRPHWU\WKLV'SURMHFWLRQ
FDQQRWLQWHUURJDWHDOOSKDVHVRIORDGLQJRQWKHDQYLO+RZHYHULWDOORZVDYDOXDEOHTXDQWLWDWLYHSLFWXUHRILQWHUIDFH
DQGZDYHEHKDYLRXUWREHREWDLQHGIRUWKHVHPDWHULDOV
),*85(Impact onto 0û composite Taylor cylinders. a). LPSDFWV	EPV,)7V 6WUHDNx-t LPDJHVWRULJKW
)LJb). shows the impact of a cylinder from the same 0û cut at 268 m sDQGDOWKRXJKWKHUHLVTXDOLWDWLYHO\
VLPLODUGHODPLQDWLRQDQGLQWHUODPLQDUVKHDUUHVSRQVHWRWKDWVHHQLQWKHORZHUVSHHGVHTXHQFHWKHPDFURVFRSLF
EHKDYLRXULVPRUHKRPRJHQHRXV7KLVVWUHVVOHYHOUHSUHVHQWVDIXUWKHUWKUHVKROGLQPLFURPHFKDQLFDOEHKDYLRXUIRU
WKHPDWHULDOXQGHUORDG7KHUHLVQRZPRUHXQLIRUPVXUIDFHGDPDJHWRWKHURGZLWKEXFNOLQJDQGIDLOXUHRIDOOWKH
ILEUHVZLWKLQ'RI WKH LPSDFW IDFH)XUWKHU LQWHUODPLQDU IDLOXUH MXVWSURSDJDWHV WR WKH UHDURI WKHF\OLQGHURQDOO
x
t
y
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SODQHVDOWKRXJKWKLVURGLVL/D  DQGWKXVVKRUWHUWKDQWKDWLQD+RZHYHUDWWKLVVSHHGWKHUHLVDOVRILEUHIUDFWXUH
RQWKHVXUIDFHDQGDOVRGHODPLQDWLRQZLWKLQWKHFHQWUDOFRUHZKHUHPDWHULDOLVLQHUWLDOO\FRQILQHG
7KHFHQWUDOx-tVWUHDNVKRZVWKHLQWUXVLRQRIWKHURGRQWRWKHLPSDFWVXUIDFHEXWQRZGHIRUPDWLRQLVORFDOL]HGDQG
XQLIRUPDFURVVWKHVXUIDFH]RQH6RPHHYLGHQFHRIWKHIORZRIRXWHUSDUWVRIWKHFRUHDWJUHDWHUGLDPHWHUVLVHYLGHQW
DW ODWHU WLPHV 7KH y-t VWUHDN VKRZV WKH URG HQWHULQJ LPSDFW RQ WKH VXUIDFH DQG DQ LQHODVWLF IORZ UHJLRQ IRU
GHIRUPDWLRQ DQG ILQDOO\ UHVW RI WKH UHPQDQW F\OLQGHU RQWR WKH VXUIDFH ,W LOOXVWUDWHV WKDW WKLV VSHHG UHSUHVHQWV D
WKUHVKROGEH\RQGZKLFKDSVHXGRK\GURG\QDPLF UHVSRQVH IRU WKLVFRPSRVLWH VWUXFWXUHPD\EHEHXVHG WRGHVFULEH
UHVSRQVH$PDFURVFRSLFFRQWLQXXPPHFKDQLFVEDVHGFRQVWLWXWLYHPRGHOLVSUHVHQWHGLQDFRPSDQLRQSDSHU>@
)LJ. shows the impact of a 45û laminate at 213 m s7KHUHVSRQVHLOOXVWUDWHGKHUHLVTXDOLWDWLYHO\VLPLODUWR
WKDWDWRWKHUVSHHGVRYHUWKHYHORFLW\UDQJHFRQVLGHUHG7KHLPSDFWFDXVHVLPPHGLDWHGHODPLQDWLRQRIWKHLQFRPLQJ
FRPSRVLWHSDQHOVLQFHWKHSULQFLSDORSHUDWLQJGHIRUPDWLRQPHFKDQLVPLVVKHDULQGXFHGPLFURIUacture the 45û layup 
OHDGV WR HDV\ GHODPLQDWLRQ DQG IORZ IRU WKH FRPSRVLWH XQGHU LPSDFW 7KH ILUVW GLDPHWHU VXEMHFW WR WKH KLJKHVW
VWUHVVHV IDLOV DQG IORZV HDVLO\ RYHU WKH ILUVW IUDPHV 9HU\ TXLFNO\ WKHUH LV IDLOXUH GRZQ WKH FRQILQHG FRUH ILEUH
UHJLRQZhich required much higher velocities in the case of the 0û case) and fracture extends more easily back to 
WKH UHDU VXUIDFH RSHQLQJ WZR KLQJHG VWUXWV WKDW UDSLGO\ FROODSVH WKH EXON RI WKH PDWHULDO RQWR WKH VXUIDFH
DFFRPPRGDWLQJWKHLPSDFWHQHUJ\LQIORZDFURVVWKHULJLGVXUIDFH7KHUHLVOLWWOHGHEULVHMHFWHGDURXQGWKHVLWHDVLQ
WKH RWKHU VHTXHQFHV ZLWK ILEUHV ODUJH LQWDFW VKRZLQJ WKH HDV\ RI GHODPLQDWLRQ LQ WKLV JHRPHWU\ UHODWLYH WR RWKHU
PRGHVRIIDLOXUHDQGOHVVHQHUJ\LVH[SDQGHGLQILEUHFUXVKLQJDQGIUDFWXUH
7KH x-VWUHDN LPDJH VKRZV HDV\ EUHDN XS DQG VXUIDFH IORZ UHODWLYH WR WKH PRUH LQKRPRJHQHRXV DQG H[WHQGHG
failure for the 0û case despite the impact velocity in that case being 25% greater (and thus the input kinetic energy 
EHLQJca. PRUH7KHyVWUHDNVKRZVJUDSKLFDOO\WKHPDFURVFRSLFUHVSRQVHRIWKHF\OLQGHULQWKLVJHRPHWU\DVLW
LPSDFWVDQGWKHQFROODSVHVDQGIORZVDFURVVWKHDQYLO
),*85( Impact onto 45û cylinder; ,)7VDQGLPSDFWYHORFLW\PV6WUHDN x-t LPDJHV IRUWKHx DQGy D[HVWRULJKW
)LQDOO\)LJVKRZVWKHUHVSRQVHRIF\OLQGHUVFXWLQWKH77GLUHFWLRQWRLPSDFWLQWKLVJHRPHWU\)LJDVKRZV
DQLPSDFWDWWKHORZHUVSHHGRIPVZLWKDURXQGWKHVDPHNLQHWLFHQHUJ\DVWKDWRI)LJD7KHUHVSRQVHLV
KRZHYHU YHU\ GLIIHUHQW WR HLWKHU RI WKH RWKHU FXW GLUHFWLRQV VKRZQ )UDPH  VKRZV D SXII RI GXVW DV WKH HSR[\
ODPLQDWH IDLOVH[SHOOHGRXWZDUGV WR WKH ULJKWDV WKH ILUVW IDLOXUHRFFXUVDW VOLJKWO\ OHVV WKHQRQHGLDPHWHU IURPWKH
LPSDFW IDFH 7KLV FRUUHVSRQGV WR WKH HQG RI WKH VKRFNHG ]RQH LQ WKH FRPSRVLWH /DWHU IUDPHV VKRZ WKDW WKLV
FRUUHVSRQGV WR WKH IDLOXUH RI WKH VXUIDFH LPSDFW SOXJ DQG DOVR D VLQJOH DGMDFHQW SO\ DW WKLV SRVLWLRQ WKDW LV VHHQ
GHWDFKLQJDQGURWDWLQJWKURXJKVXEVHTXHQWIUDPHV2IFRXUVHDUHOHDVHIDQSURSDJDWHVIURPURGVXUIDFHVDQGWKLV
ZLOO GLVSHUVH WHQVLOH ORDGLQJ DFURVV VHYHUDO ILEUH SODQHV 7KHUH LV D VSDUVH SRSXODWLRQ RI GDPDJHG ILEUHV VHHQ
H[SHOOHG LQFUXVKLQJDW WKH LPSDFW IDFHDQGDOVR LQ WKHYLFLQLW\RI WKH GHODPLQDWLRQSODQH LQ WKLVJHRPHWU\7KHVH
DPRXQWWRDIHZLVRODWHGILEUHVWKDWKDYHOLWWOHPRPHQWXPDQGZKRVHHMHFWLRQDEVRUEVQHJOLJLEOHHQHUJ\
7KHDQYLOIDFHxVWUHDNVKRZVJUDSKLFDOO\WKDWWKHLPSDFWDQGUHERXQGLVODUJHO\HODVWLF7KHUHLVOLWWOHH[SDQVLRQ
RIWKHF\OLQGHURQWKHVXUIDFHDQGWKHJUH\DUHDVFRUUHVSRQGWRHMHFWHGJUHDVHQRWIDLOHGPDWHULDOLQWKLVLPDJH7KHy 
D[LV VWUHDN RQ WKH RWKHU KDQG LQGLFDWHV WKH DOPRVW ULJLG ERG\ QDWXUH RI WKH LPSDFW DQG JUDSKLFDOO\ LOOXVWUDWHV WKH
UHVSRQVHRIWKHFRPSRVLWH7KHUHDUWZRGLDPHWHUOHQJWKVHJPHQWRIWKHF\OLQGHUUHERXQGHODVWLFDOO\DVFDQEHVHHQ
ZKLOVWWKHH[SHOOHGURWDWLQJGLVFDQGWKHVXUIDFHSOXJWUDYHOPRUHVORZO\IURPWKHVXUIDFH7KHUHDURIWKHF\OLQGHU
VKRZV D FKDQJH LQ VORSH RQ WKH UHWXUQ RI WKH FRPSUHVVLRQ ZDYH IURP WKH LPSDFW IDFH DQG D VXEVHTXHQW VOLJKW
GHFHOHUDWLRQRIWKHF\OLQGHURQWKHUHERXQG7KLVLPSDFWVSHHGUHSUHVHQWVDFULWLFDORQVHWRILQWHUODPLQDUIUDFWXUHLQ
WKHF\OLQGHUDQGRFFXUVEHKLQGWKH]RQHRIFRPSUHVVLRQWKDWH[LVWVRQWKHVXUIDFH
)LJEVKRZVWKHUHVSRQVHZKHQDPXFKKLJKHULPSDFWSUHVVXUHLVLQGXFHGDQGWKHFRPSRVLWHLVXQ]LSSHGLQWR
DVWDFNRIIDLOHGGLVFVE\ZDYHLQWHUDFWLRQVLQWKHVWDFN7KHVKRFNHGVXUIDFH]RQHDQGQRZWKHUHVWRIWKHLQFRPLQJ
FROXPQ KDYH LQWHUSO\ UHJLRQV UDSLGO\ IDLOHG E\ WKH UHWXUQLQJ FRPSUHVVLRQ ZDYH ZKLFK WKHQ UHIOHFWV DV DQ HODVWLF
WHQVLOHSXOVH$VVHHQHDUOLHUWKLVGRHVQRWIDLOWKHRULJLQDODVUHFHLYHGPDWHULDOEXWFOHDUO\QRZXQ]LSVWKHF\OLQGHU
LQWRDVWDFNRIDGMDFHQWIDLOHGSOLHV7KHJUHDWHVWYHORFLW\LVLPSDUWHGWRWKDW]RQHZKHUHWKHUHOHDVHUHDFKHVILUVWDQG
WKH HMHFWHGGLVF WUDSVPRVWRI WKHPRPHQWXPZLWKLQ LW ERXQFLQJEDFN DW DOPRVW WKH LQFRPLQJ URG VSHHG)XUWKHU
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GLVFVJUDGXDOO\UHFHLYHOHVVRIWKHUHWXUQLQJLPSXOVHDVWKHZDYHGHFD\VGRZQWKHVWDFNH[SHQGLQJHQHUJ\IDLOLQJWKH
]RQHGDPDJHGLQFRPSUHVVLRQ7KHxVWUHDNIRUWKHLPSDFWVKRZVOLWWOHODWHUDOH[SDQVLRQRQWKHDQYLOVXUIDFHDVZDV
WKHFDVHIRUWKHORZHUVSHHGLPSDFW\HWDFORXGRIIDLOHGILEUHVDQGJUHDVHIURPWKHLPSDFWFDQEHVHHQHPDQDWLQJ
IURPWKHLPSDFW]RQH7KHyVWUHDNVKRZVYHU\JUDSKLFDOO\WKHH[SDQGLQJVWDFNRIGLVFVXQGHUWKHUHWXUQLQJUHOHDVH
IURQW IURP WKH UHDU VXUIDFH7KH WRSRI WKH XSSHU IUDJPHQW VHHQKHUHKDVDOPRVW WKH VDPHVSHHGDV WKH LQFRPLQJ
F\OLQGHU DQG WKH VORZLQJ YHORFLW\ RI HDFK VWDFN UHIOHFWV HQHUJ\ H[SHQGHG LQ IDLOLQJSODQHVGRZQ WKH VWDFN DV WKH
F\OLQGHU IUDJPHQWV7KH ODUJHU IUDJPHQWVDUHDW WKH UHDURI WKH URGZKHUH WKHFRPSUHVVLRQZDYHKDV LQGXFHG OHVV
GDPDJHDQGWKHJUHDWHUIDLOXUHDQGIUDJPHQWDWLRQLVLQWKHVXUIDFH]RQHDVH[SHFWHG7KHUHLVOLWWOHRUQRUHDUVXUIDFH
HMHFWD EXW WKHUH DUH VSUD\V RI IDLOHG HSR[\ IURP WKH RSHQLQJ FRPSRVLWH SODQHV H[SHOOHG ODWHUDOO\ GXULQJ LPSDFW
1HYHUWKHOHVVWKHUHLVOLWWOHLQHODVWLFLW\VHHQLQDQ\RIWKHUDSLGLQWHUODPLQDUIDLOXUHV
),*85(,PSDFWVRQWR77F\OLQGHUVD,)7VPVDQGE,)7VPV6WUHDNx-t LPDJHVWRULJKW
 ',6&866,21$1'&21&/86,216
The Taylor test is a useful descriptor for failureௗand a rigorousWHVWRIFRQVWLWXWLYHPRGHOVIRUFRPSRVLWHUHVSRQVH
LQ FRPSUHVVLRQ WHQVLRQ DQG VKHDU >@ &DUHIXO GHVLJQ RI WKH YHORFLWLHV DQG JHRPHWULHV RI WKH ORDGLQJ DOORZV
FRPSRVLWH GDPDJH WR EH ORFDOLVHG E\ GHVLJQ E\ XVLQJ UHOHDVH LQWHUDFWLRQV WR SUREH ZHDN LQWHUIDFHV ZLWKLQ WKH
PLFURVWUXFWXUH7KLVZRUNKDVVKRZQWKDWURGVFXWGRZQYDU\LQJGLUHFWLRQVLQDQRUWKRWURSLFPDWHULDOVKRZYDU\LQJ
UHVSRQVH WRDVLPSOHDSSOLHG ORDGLQJRQDULJLGDQYLO([SHULPHQWKDVVKRZQ WKDWSO\RULHQWDWLRQV UHVSRQG WR WZR
UHOHDVHFRPSRQHQWV ORQJLWXGLQDODQG UDGLDO DVZHOO DV WKHKRRS VWUHVVHVJHQHUDWHG LQ LQHODVWLF IORZDW WKH LPSDFW
VXUIDFH7KHWKURXJKWKLFNQHVVGLUHFWLRQIDLOVHQWLUHO\GRZQWKHOHQJWKLQWRSODWHOHWVDWGDPDJHSODQHVLQGXFHGGRZQ
WKH LPSDFWD[LV ,Q WKH LQSODQHJHRPHWU\KRZHYHUGDPDJH LQLWLDWHVDIWHU ODWHUDO UHOHDVH LQ WKH ILUVWGLDPHWHU DQG
IUDFWXUHV WKH F\OLQGHU E\ LQWHUODPLQDU GHERQGLQJ 7KH WHVW FDQ UDQN GLIIHUHQW IDLOXUH PHFKDQLVPV LQ D ORDGHG
FRPSRVLWHDFURVVDOOPRGHVRI ORDGLQJDQGDVVXFKFDQEHXVHG WRGLVFULPLQDWHEHWZHHQQHZVWUXFWXUDOFRPSRVLWH
GHVLJQV DV ZHOO DV LQ YDOLGDWLRQ RI QXPHULFDO VLPXODWLRQV XVLQJ QHZ FRQVWLWXWLYH GHVFULSWLRQV RI FRPSRVLWHV >@
&RXSOHGZLWKG\QDPLFDQGWRPRJUDSKLFLGHQWLILFDWLRQRIIDLOXUHWKHWHFKQLTXHLVEHLQJUHODXQFKHGDVD TXDQWLWDWLYH
G\QDPLFIDLOXUHWHVWIRUFRPSRVLWHVWRGHWHUPLQHRSHUDWLQJPHFKDQLVPVVFUHHQQHZFRPSRVLWHOD\XSVDQGREVHUYH
PDFURVFRSLFKLJKUDWH UHVSRQVHDVZHOODV VHUYLQJ LWVSULQFLSDOXVH LQ UHFHQW WLPHV LQYDOLGDWLQJ WKHPRVWPRGHUQ
FRQVWLWXWLYHGHVFULSWLRQV
5()(5(1&(6
 -'++XJKHV&RPSRVLWHV6FLHQFHDQG7HFKQRORJ\
 30-HOIDQG1$)OHFN-&RPSRVLWH0DWHULDOV
 *,7D\ORU3URF5R\6RF/RQGRQ$
 5/:RRGZDUG1:%XUPDQDQG%-%D[WHU,QW-,PSDFW(QJLQHHULQJ
 3-0DXGOLQ*7*UD\,,,&0&DG\*&.DVFKQHU3KLO7UDQV56RF/RQG$
 1.%RXUQHMaterials in Mechanical Extremes: Fundamentals and Applications&83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